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[ n i f m * © se m ] 
immm i ] 

*&JHtc*T?&S& (Au) , m ( A g ) > & (Pt) x 7 ^ i (Pd) . P S> 
A (Rh) , ^'J-^^A (I r) ©&J£-&«7CiRfc«fc-pT J t©#«:&<«fiS£*^ o ^ 
185~7nm, ft H 2 ~ 4 n m , Jp £ 1 ~ 2 n m , IJ1 Onml-U©f3-7M 

CUM 2 ] 

S&«tc5RT?&S& (Au) % ft (Ag) „ £ (Pt) , /< 9 5> * 2» (Pd) , P^<j7 
A (Rh) . -< U ^ «7 A (I r) , 71/ x x ? A (Ru) *£«©*! -&TiBfOLfc*B«{<:«J: 

Oti^ifiK^n, ^0^|J55~7nm, ft@**J2~4nm, 1 ~ 2 n m 10 

[W#5i 3 ] 

ft&JH7C*T*3& (Au) , « (Ag) , 3^ (Pt) % 7^ ^7 «7 A (Pd) . Pi?^ 
A (Rh) N y i? *7 A (I r) \ 71/ x x >7 A (Ru) J; D ft5Sfr5a«Snfe-ltt 
± © IK £: > -y >r (N i) ^©^&«7C*P:frS]lft3n;fc--fflJW±©7C**tt*© 
«!'&TfSSlbfeifi«lC«toT-t©'&*6 , «ia*tl. fr-Dftmm 5 ~ 7 n m , ft @ 2 ~ 4 
n m, Jg^^Jl~2nm. I? 1 0 nm£(i©f a-7«fl^f tSC fc^ltitt? 

[»*3J 4 ] 

ft&JB7G*Tfca& (Au) % g (Ag) » (Pt) > ;<5 4 ^fi (Pd) % 20 

a (Rh) , y s> * a (i r ) omm^. mitvs. &<t &mmm © m & « % * it it m & 
JS«B{t-&««tt)*s»^eaiR*nrc — fflgi©&«iS3:rcte&/s§gfc-& ! $K y x x ^ p v 
^ y n-zi/tyN + n-f v'^x-t zi'f ©'f "J t + ^if p y 7 7i/ ^ 7i/ x — x 7i/ in ^ # v 
i+->xf i/ylffitx7f;i/i^ K x > 71/ it x h U "> A „ F x s/ 71/ ^ y -tf > x ;V * y 

t^ri'^-^AI, #iJt^->xfl/>v;Hi^y€/Xr7 U — h %?<D # V # *f is x. 
f l/yy;i/e^yxxr;k ^u+yxf vy7;i'4 : ;i'7ix-;i/x-f ;K # V * 4- 

-r* >nmm&m* it am * y^BiSttiJ-iJ: -r *y®.&wm&m-~m<Dtit>*±T - 
aa© ^ffiStt^'j. fe.fctfTK^sftssisS'&fts sftactifciif ©it Kfj/^r 30 

;l/ 3 — ;1/ © 7 A/ a — ;l/ £ *> L < (if O^f n^-S*»^fcSfS!i^tl?:lS -X^ 
T-COSfSI^itt F7^yf Ol7tSJ5:itatS^Xa*^IiLTgfS?t?C fc 
fcJ:t)*':ft&JH7G* , ?&S& (Au) „ ffi (Ag) . 6 & (Pt) „ 9 5> •> A (Pd) 
, n^->A (Rh) » y ^ •> A (I r ) J; o T f<0 t^tf ii? n 

, ^O^g85~7 nm, F*3@#*]2~4nm> S?^ll~2nm, gSl OnmWiOf 

mi:-r5if*^iia*©*^s^y^i-^©S3t7?}*o 

[M$9I 5 ] 

«^«7ciR-e*a^ (Au) N m (Ag) , a ^ (Pt) , ^5^94 c p d ) » p s> 9 
a (Rh) , y <7 a (i r ) , /vtx^A (Ru) ommm, MfcVs, mit^mmm 40 

<t& Vs. t/xf I'^^'J 3-;Ky\ + tfy;i'X-f;Ho^ l J* + yxf i/y7;i/ 
* ;l/ x - x 71/ SU # U * * ^ x?-l/>)jlflei?x*x7l/^ Ffy;Hil!it h y "7 A , Ff 
;i/ > -if v ;u * > I x h y «j7A^©*r*HRJtHau "\ * * x 71/ h y ^f;I/7Vtx 
H7d? Ff ©7;^;i'7y ; &x')Ai, ^u + yxf uyy/ni^ytyxf 7 1/ 
— hf o^'Jt + yxf i/>y;H£^yx^f;k ^y^ + i/if by7;l'*;l/7ix- 
;H-f/K ^U + -yxf l/y,f'J t + y7D)fUy7D7 9^y v-i t)4SS^5 

ajR«nfc-a«©^>r*>^B5?sitS!i*fc«^-r*>iiffisit#j — fflfc'T^^it^ffiis 

g? H © K i: F x 5/ 71/ T >v a — f © 7 n - ;l/ S t b < it % © v f ti *^ — 73 * An 3. fc S JS 50 
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m -& m * m m l , x.^ r* c <d s. fom-st m ic t h 9 v > ^ © m 55 ^fu in -r s x » ^ ^ as 

ItLTKJS^-escfcfcJ;^ ( A u ) , II ( A g ) > 6 & (Pt) , ^ 

5^^ A (Pd) , D-^n (Rh) , Y'J-^H (I r) , ;l/ t" - ? A (Ru) £ £ Sc 

4 n m , f?|ill~2 nm, g S 1 0 nraKlOf a-7tt«S«tt5iiit/f a 

o 

C«t#9l 6 ] 

«&JB7E*T26S& (Au) , « (Ag) % 6 & (Pt) , /<7^H'(Pd) , x* W 

A (Rh) , -< >J S> * A (I r) , ;l/f->?i (Ru) © ^ ig s ttHfc W , *I {£ & S ^ ^§ 10 

itsm, (Ni) #©^^«7t*©5i^j©, &{t%Bm<D&mi&£ *) ftzmfr zm 

U * * f x ^ U y T )]/ * )\> x - f >V m . ^'Jt + vxf i/yilixxf;H, Ff->;i 

» h i> * a * Frisfi'^z/'gy 7>ji<&>mi- b v *> i±m(omwkmmwtm. ^^-v-f^ 

/Hf^ytyXTriz-HO^U+^xf uyy;l/e^yx7f;k # U * * *s x 

U J; 9 * Sgffr 6 ft ft — mm<D&«f * > J? ® i£ 14 #J £ ft t± # ^ * ^J?ffiiSft8U 

©-S t <f * ^li^ffiStt^i-ao-a-^-arT -ffl«©#SgttS!U 45«ttf7jc^6«:*SiS 20 

® # «k s fc »* c ft tc n m m © iK t Ffy^r/^-^foy^a-^ifeKa^fDv^ 

■rft^-^r%inArcKJSS-&«l*H«!U, ^ ^ T C © K fS {fc n" $3 f c t: K =y *J > m © M tc Si 
%^*Pt5*>Xii*^I«LTgS?t?C ticiO. fi&JB7C*-e&S& (Au) „ & 

( A g ) „ S £ ( P t ) % ( P d ) , ny'^A ( R h ) „ U 5> r> A (I r ) 

„ ;l/ 7^ >} A (Ru) <fc»J*S»^6a«?*ft?*c — aJK±©7Cl(5i:xy^;l/ (Ni) ^© 

oT J g-©#*&#«JSKSft* *>ong«5~7 n m , ftg^2~4nm, I?|5l~2nm 
, 12 1 0 nmttiOf a-7«ll^St51IIf / f HI U T % H 

i m * m 7 ] 30 

it m i nm 3 tciB^-r-s y =?- a - ytt&sn ^-ixa 2 aJK±«&A,^j« „ * 

©»ttfcas-^v^feffl»fcffiffl-rsci:*«f«frs«Sitttt»o 

[W*^ 8 ] 

it & ? «M$9l 7 e«t0«1IB1£tttt. 
CW*« 9 ] 

8a«©«AH£#**o 
[Hit? JI 1 0 ] 

* <Dm&ti*m ?us> ^i, i^g, ft, *fc«^ffi 40 

£ & tij & 3 Wi PJ 5£ 3 -fe > , fc L < « «IS It -b > ^ 4: L T « * ft , fffl?ti5a 
*W« 7 C*©«flBtt#S. 

l 1 ] 

fOfflltfl^-XhtLti^n, ^ffl^ft-Si!4:^#®i:-r§IS*«7fE«©*itg 
[W*^ 1 2 ] 

t * w« £ -T sin** 7 ie*©«i6tt*f ». 
im&m 1 3 ] 

foffiitfi^^istuftfn^ -dffl?ft^ct^#^i:-r5ii^^7fa«©^tg 50 
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im&m i 4 ] 

* O ffl & * 5 v ^ * n y T * * - * j£ 8B# i: U T # S n * f S*n5 c f 
US* 7 aEWoaiBttttSo 
[W#S! 1 5 ] 

[ 0 0 0 1 ] 

lamom? sgfi^i] io 
mnftMmmmm<D&mm%ut¥BLfoictt? am®, urn. ee*, ifxtytiff©7 

[ 0 0 0 2 ] 

ft & * tg JR fci . * ©« ft fetalis iM'ft, BlHfctt. W^tt. It M {fc 3* # 14 , «s «k 20 
0 d W^fcjBHT S1#S*«te ^ftSSfiSfc itfft^Wtt*** L, t£*J;*5, ^KPfflW 

mom^xmrnun. mm, ^ m m ft * m , sttiis^^t LTjs<fflv^ntt 

tne ©^ffg^^O'&tgte, 09 * fcf ftft 8E «f tt fc: It, 6 ft S «fc -3 fc: * fttttDiM, tig&fcttA 
^jS7C^feL<«^M-f*>>g:^t?fflfi!ctl^^yiiiS#i:nf}fn^. # ? X ^ - ;1/ * 

wtjgstscts'fisnT^s c ;n •& a - g ^ > rtyt ^ypy-©t<u fg 2 

- 4f , im^i (2001) ; Rlt^iyx, 1 2 ^ # , 16-94 (2001 30 

) ] o - - - - - 

[ 0 0 0 3 ] 

T , 1 9 9 2¥tMobi 1 ttib^ffifStti^ili t L t 2 ~ 8 n m© A - A At ^ 
yiaSttS^yf-^^^'JASlfitSCtfciSaiLft (C. T . K r e s g e JS 
4 & , Nature, 359, p. 710 — 712 (l 992)]o^©t£, 

IS ^ T ^ J$ £ ft ( * ,* B'J Ji 1 £ , J • S o c . I n o r g . Mater, 8 , p 
. 3-1 6 (200 1) ] o £<Dm, *»ffS^»ftf^«j'A'-^fe, Kf*/** 
i&Y^VSrSSiy^LT, «SR*fflV>S19-ifclHi*fc<fc9£jSLfc«^tt*f1s«L* O V> "Z? 40 

(M. Y a d a « 3 £ * Inorg. Chem, 37, 6470-75 (1998 
) , Angew. Chem. Int. Ed, 38, 3506 — 09 ( 1 9 9 9 )), 
[ 0 0 0 4 ] 

m^Tftt>nrc imgiMM. t757n36> 9 1 7-9 1 9 (200 1) ] 0 

SCfctJ:*) 3 n mifii0ffl?Lg*feo6ttO^y*-7^a4 CG. S. Attard 
IS^4£, Angew. Chem. Int. Ed, 36, 1315-1317 (1997 
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* V stf — 5^6^ [G. S. A t t a r dli^5^, Science, 278, 8 3 8 - 
840 (1997)] tXX (A. H. Whitehead {5^3^, Chem. Com 
m , 3 3 1-3 3 2 (1 999)] fef^S^nfto 7 /V $ ^ AUffiilft^^lli i: L t 
%£} 7 0 nm0ffl?Li*tO^y#-7^a4*±tf4 (Au) (H. Ma s u d a (S 2>M 
£ , Science, 268, 1 466-1 468 ( 1 9 9 5 )), #']Xf ? 
n%IIHt^-7^4 (Au) (O. D. V e 1 e v S 3 £ , Nature, 4 
0 1, 5 48 (1 999) ) # f# 6 ft T V» * « t: ft, !E5fC0 2 H IS H 

?^^§Ui;-r§73ji{Cj;t) 4 7m 2 / g © Jtgffil* t O ^ V >f - 7 X a ^ t ? n/c 
CH. WakayamaSfrl^, Chem. Comm, 391-392 (1 999)) 

10 

[ 0 0 0 5 ] 

vto&m* t o & ? « , -r / * a-? tvf-ifn. xmiz$> z ® £ ? & mm#&&misT\,> 

Aioilt/f 9 9 l¥te7-**«©*Tfiil&4:LT58Jt.Sft;te 

*-;PVt/f (S. I ijima, Nature, 364, p. 56-5 

8 (i 991) ) o mm-&-&URfoic .j; t> sfb* b - c - n & E<om.\tm c 

E. J. M. Hamolton(Sfr'5:&, Science, 260, p. 659 (199 

3) ) , flHfc £ > ^ Xf > (R. T e n n elJ^3S, Nature360, p. 444 20 

( 1 9 9 2 )) ^Kft^'J ^T^ (Y. Feldman, Science, 267, p. 
2 2 2 (1 99 5) ) *£©Wifc*3R-fy?-a— 7©-&jS«Htf«ft*ftT^3„ 

[ 0 0 0 6 ] 

?&tc, «]fi, MiSLfe»l!^fi8»3y«t«lf-y^a-^©^^fc:t»*Sffl«ft, 
>)i (M. E. SpahrS^5^, Angew. Chem. Int. Ed, 37, p. 
1263 — 65 (1998)), is V ft ( M . Adachii£fr2£, Langmuir 
, 15, 7097 ( 1 9 9 9 )), f ^-7 (H. I m a i IS. 4 £ , J. Mater. 

chem, 9, 2971, (i 9 9 9))ft£©»{fcisi»^y^:i — :/tfffl#cv>TfBe£ 
ft t V"> 5 o M * ty ffl ft 4f ;i> - fc v t « ifi , ± £E L fc K t* f jv M * * y tt 

t/f a-^O^Sfc-jSaH/Tl-'S CM. YadaB*4!&, Adv. Mater, 14 
, 309 — 313 (2002)) o 
[ 0 0 0 7 ] 

I^ltov^ttt, ffl»xy^;/^ffi^7LKffcfc±oT*§&ftfc#y#-#*-h«7-r 

£ 7? ?£ 2^ C . R. Martin&tCfc^TfflfgSftCC. R. Martin, Scien 
ce, 266, 1961 — 1966 (1994) ;S. B. L e e Sfr 1 ^, Chem. 
Mater, 13, 3236 — 3244 (200 1) ) , 191 nm«±©ISI?i§-%^S 
*StS6t/f a-7tffJ5tlTV^ (C. R. M a r t i n t5 *> 3 * , J. Phys 
. Chem. B, 105, p. 11925 — 11934 (2001) ;K. B. Jira 40 
g e (S 2 £ , Anal. Chem, 71, 4913 — 4918 ( 1 9 9 9 ) ) . 
Pi*^at«tt)I?4~5 nm©M7^7At/f a-/^ffiS2ntV>5 (V. Ba 
d r i IS 1 £ , Int. J. Hydrogen Energy, 25, 249 — 253 
(2000) ) o C<D £ d IC S Ma r t i n Slt&SI^f lO 

(1 0 n mW±) icmm? 5ft&*n*>. Aff^ft n m«±O^It S f- 

7f a-7tt^t^7->'n02«t'Lfr5:< 1 Lfr*> J t©»6ftfc&JB'*-y'? t -a— :7© 
@3i(cov>T«M^I2fg^e»LT, (1 Onmttl) fc«fcoTJK3£Sft 

, mfflKfe (1 0nml^±) *g MS £ 1 0nmttlO^I^H5, fc»tf«nmfi(±© 
t> © t? L & l/> 0 50 
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-r&fr^s * CtCit. *ft$&m-?Mmisrc. ni$55~7nrn, «I»2~4nm, J? £ 
1-2 nm, 5 * 1 0 n m W ± . i: tSIff««tO^Tti^< t C 5*^ < > 

[ 0 0 0 8 ] 

« © {g M * 0 3 ^ te. ^-y^3Sftfc|5-r^^*©»m CM. I c h i k a w a , P 1 a t 
inum Metals Rev, 44, 3~14 ( 2 0 0 0 ) ) ^SgltgiJtlS 
J: 5 , ^y^o.-7+^X£'>;S:<£fcl*lg2~3nrn, 2 n m^TSfi^Iii 

Itt5Ct^a*UV>o l^Lft^e, Mar t i n 6 OS ft fc J; D C tl%iJ«t « C 

[ 0 0 0 9 ] 

[ 51 HJi &m & b J; -5 tt5Ii] 

* w » . a ± . is^ttffiicov^r^^, ?ij * u ^ y ^ a - 7 t in -r § ^ m k t> it % m 
^^-e^^-r zi- s f- 3.-7 * mm £ ? t. © t? * s „ ^©#*§;&«£«7S 

«%rtl2~3 nm> 03 ff 1 . 5 n m ttTOlfe Til© t / f a - 7« J: t 5 C J: t i; 20 

s ^ 3.-7ttm&^. Jintat), «^«7c^#w©w^ft'i4, m m ft ^ # , 

tifcioT, fb^, ffi$tL ;W*»»08*¥ifc**t««**#*a« 

[00 l 0 ] 

±E«£*Sfl|fc^lxfe^fTS*l5fcM^*nfc*, Ma r t i n & t <t 5 )i? U A - t**- h 

tLTtttt0^y*-7Xe^ (iffiG. S. A t t a r d JS 4 £ , Angew. Ch 30 
em. In t . E d > 36, -1 3 1- 5 - 1 3 1 7 ( 1 9 9 7 ) )fe±tfIK © y#-7 
7> Q & [ ± 13 G . S. A t t a r dSfr5ig, Sciene, 278. 838 — 840 ( 

i 997) ) © 2 w#a& t>, e: ne. * y^nmmmm<o 5 -t^^mm t urifte 

fctt, W^tflfc n m — n m, g # + #©» n m ~ »+ n m ©*£«#© ffcJB **> O 
iS : ?T^S^y^3.-yi:«^«^^©»*#tSi:LT^A-r§ili;^:V^L«#ALd§ 
ctto^ttt, £ < m B s a & # ft v o 
£/££©;£&. *©j^©5fefr^:iKU:*v>Tti|oiaTf*So 

[0011] 40 

cti^oiis, is v tt m , ^7i/3-T3R^©^JHHft»^-yf-a-^^, 1; # * ia 
^e*s^y^-9^*js#©«fi!-&<sfcai»-rs'&ia73ffik:«feoTi!iti!«nTv>scfc 

# # Df IT 3 £ > ft&JK^y^a — :7©g|£fctt^j« ; fft©;£&aS7 , U'-**Jl/--a<&g 
fSSil fc^fstLTV>5„ -73 , !R*l6«Jfi©S*S2a«JW±©fSltB?g1£3Sf!|*iB-&'r 
Si:, ^JfiStcJt^TaSffi^^HI^ 5 -fe;l/«fi (CMC) tffiTLT, ?Ut te fi }& ft 
*^±-rS«:if©fflflS»**»^"rSC fc»±-r-pJc«J:<fiJ6nT350x J5fe9J«©llffl#» 

tefjffl 5nt^? cj*«*«*m*, wffiS'tt?fij©fb^ t t&m* *B*0t, m 4 # (1 

9 9 5 ) ) o 

L*a, c © J: 3 ft ?fi Sft HI SI i« tcj&ffl L 00 tt S fc ft < » J¥ ffi Stt #J * « S t "T 
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^}lSftffl*SJS»fc-rsc:k{cJ;t)s til m m g jg © V ^ JMt £1 {t X X e> 

T . K i j i mali^3^ Langmuir^ (2002)EPJS'J' : f : Oo 
[00 1 2 ] 

:/©«U«*^3i?-''<<. fflv>3&*iafc#iEtgteafl©aSfc&tffc:K£*#fcov'T3& 

T^*«»?ia«fe:^»*p*6n7tfi^jiia»*a7c"rsfijsfe:«tt)ii^tii*#«fc-rs 

[0013] 

B^tt. (1) Jt&JB7C*T*S& (Au) , M (Ag) , Q £ (Pt) , 9 ^ * A (P 

d) s P 5? A (Rh) , -T'jy^i (I r) % 0#I-^Ire^£ J: o t f <Df fetf 1 

l?n, ft>on@3^5~7nm^ F*3@iS§2~4nm, JS 2 1 ~ 2 n m , ft* 1 0 nmtt 

[00 1 4 ] 

£ £ IC 7ji L tc M£ M -f S =?■ a. - 7 . JKT (2) & L- (3) Ic tEW.-? & M & M -f S =?■ =l 

-^fc#LTas*wa***36o-fy^a-^fl:^iinf*5, «t (2) ava (3) t 

& o 

(2) (3) (1) ©a&jB^y'f-a-^fcfcfLT, ^ © # *& ( 

1) tc IE«?£ nfc »&«7Glfi 71/ 7"- V A (Ru) iOftSg^6IK?nftHl«±(0 
7E * * S V> « (1) teEKSftfcft&JBTCjRfcJl/^-^A (Ru) ct^^^^*>6S^ 

■$ nrc-m&±<D7tm t - v >r )i< c n i ) ^©#^jH7CjR«fct)*s»^6as?stife-a 

W ± © 7t ig tf, & * ft * © ffl ^ T « ft L ffi « ? M L « & © *> © T & 3 «, 30 

[0015] ... - 

3" * fc> "5 . m 2 © f§ EE « , (2) ft&«jcsftT-&££ (Au) , ft (Ag) , 6 £ (Pt 
) . V V A ( P d ) , ( R h ) , 'f 'J ->* 'J i» (I r ) , ;l/ r~ - tr A ( R u ) 

*tJ2~4nm. fJl~2nm> IJl 0 n m«±<Df 2 C t?:<lf i 

[00 1 6 ] 

S It x S 3 © % W « s (3) *^JH7c3R-PifeS# (Au) „ « (Ag) , (Pt) , 

f i (Pd) > n v>" A (Rh) » V i? V A (I r) % /U x - <> A (Ru) J: t) 
^5gfr5IK?n/c-iK±©AltN i «5©J¥&JB7G3RJ:»>*S#fr6a#i;**ifc- 40 
«JW±©^**ffi*©*J^TfiftLfclH»fc£oT*©#*tf«jaS*U *>OJtgfi5~ 
7 n m , |*I@&j2~4nm, ~2 nm> S3 1 0 n mttiOf a-7«)gl5:f 

[00 1 7 ] 

kt, & 4 u as 6 ©sgmia. mmrn i K^i^m 3 <Dftm<D%±mmitvo<Dmmj5mtt 

f & t> % „ !g 4 © B/1 , (4) »£«75igT*&3:& (Au) . ffi (Ag) „ 6 £ (P t 
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45»fr6IR?tift-itt±07C*t-'y^;l' (N i) «0#||&ll7ClKJ:Da:«S^ 

*>Oitiil!l5~7 nm, ft&ift2~4nm. f?|*)l~2nm, 5£lOnmU(±©^;L 
[ 0 0 2 0 ] 

Sfc, ttT, ig7&V^|gl 5©58BJ&, £ 1 6 Sg 3 <D5£m<Dn&mj- / * a -7"©ffl 
»SW*I*bTV>St.<DT$2, 10 

■r * *? . s 7 © « w a , (7) Mia (i) ~ (3) icmm? zm&mi- s ^ 
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tti"P*8/tif l/yyj F 7 i/ x — 7- )]/ * 1 ~ 3 * » * b < (4 l ^ ;l/ > 7k 

£4 o <=> 8 0^e;b$tfSL<«6 ot/^to^Sc h t i t)3rf ©t;l/Jtffl^i:454 7 
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JxJS&ft £ ra^©^/ii*v^ L & c txizm &fe»tt*ftfc «fc ^> TUfifi^rnSo 

tftt)«, KJSffl^«^**ji/j£»5£*«;&-^©^>i'i*«iafcti!«s?-3e:i:. i^fi 

6o~7otoTf, s i oistffi?gtt»i*s-&-rsaiii:^ 2©i^ffigft?w*?g-&-rs© 10 
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